Two Gram-staining-negative, aerobic bacteria (YIC 5082 T and YIC4104) isolated from root nodules of Sesbania cannabina grown in a high-salt and alkaline environment were identified as a group in the genus Agrobacterium because they shared 100 and 99.7 % sequence similarities of 16S rRNA and recA+atpD genes, respectively. These two strains showed 99.2/100 % and 93.9/ 95.4 % 16S rRNA and recA+atpD gene sequence similarities to Agrobacterium radiobacter LMG140 T and Agrobacterium. pusense In association with rhizobia, Sesbania cannabina is a plant growing in diverse environments, even in areas of salinity, water logging, drought, arid infertility and other adverse habitats [8] . In a previous study, 32 root nodule bacteria were isolated from the root nodules of S. cannabina grown in saline-alkaline soil with pH 8.16 to 8.28 and salinity 0.39 to 0.43 % [9] . Of these isolated strains, YIC 5082 T , YIC4104
Plant species of the genus Sesbania are greatly promising green manure in tropical and subtropical areas, due to their high N 2 -fixing capacity in association with rhizobia [1] [2] [3] . Several rhizobial species, including Ensifer (formerly Sinorhizobium) terangaer, E. saheli, E. meliloti [4] , E. sesbaniae [5] , Neorhizobium (formerly Rhizobium) huautlense [6] and Allorhizobium undicola [7] have been isolated from the root nodules and/or stem nodules of species of the genus Sesbania in previous studies.
In association with rhizobia, Sesbania cannabina is a plant growing in diverse environments, even in areas of salinity, water logging, drought, arid infertility and other adverse habitats [8] . In a previous study, 32 root nodule bacteria were isolated from the root nodules of S. cannabina grown in saline-alkaline soil with pH 8.16 to 8.28 and salinity 0.39 to 0.43 % [9] . Of these isolated strains, YIC 5082 T , YIC4104
and YIC4260 presented 95.3-95.8 % similarities with the most closely related reference strain Agrobacterium pusense NRCPB10 T based on the results of concatenated sequence analysis of the housekeeping genes recA, atpD and glnII [9] . Additionally, YIC 5082 T could grow on YMA medium supplied with 6 % (w/v) NaCl [10] . In the present study, YIC 5082 T , YIC4104 and YIC4260 were further systematically studied to determine their taxonomic positions.
YIC 5082
T , YIC4104 and YIC4260 were isolated from the surface-sterilized effective root nodules of S. cannabina in Rudong Country, Jiangsu Province, PR China [9] , after culture for 3 days at 28 C on YMA plates [11] . A. pusense NRCPB10 T and Agrobacterium radiobacter LMG 140 T obtained from Belgian Coordinated Collections of Microorganisms/Laboratory of Microbiology Gent Bacteria Collection (BCCM/LMG) were included as reference strains. All the strains were maintained on YMA slants at room temperature for temporary storage and in YM broth supplied with 20 % (w/v) glycerol at À80 C for long-term preservation.
Genomic DNA extracted from each of the strains using the method of Terefework et al. [12] was used as the template for amplification of different DNA fragments. The partial 16S rRNA gene was amplified with primers pair P1 and P6 [13] and was sequenced bidirectionally using the same primer pair as described by Hurek et al. [14] . The sequences were then aligned using the CLUSTAL W program of the MEGA 6.0 package [15] . Evolutionary distances were calculated using the Kimura two-parameter model [16] , and phylogenetic trees were reconstructed using the neighbour-joining (NJ) and maximum-likelihood (ML) methods in the MEGA 6.0 software with 1000 bootstrap replications [15] . represented members of the genus Agrobacterium, while YIC4260 represented a member of the genus Ensifer. The topology of the phylogenetic tree reconstructed using the ML method was consistent with that of the NJ tree (data not shown).
The housekeeping genes atpD and recA were amplified with the corresponding protocols and primer pairs, atpD255F/atpD782R and recA41F/recA640R [17] to further clarify the relationships among YIC 5082 T , YIC4104 and the related species. In the recA+atpD gene sequence comparison, YIC 5082 T and YIC4104 shared 99.7 % similarity with each other; while they exhibited 93.9 and 95.4 % similarities to the closely related strains A. radiobacter LMG 140
T and A. pusense NRCPB10 T , respectively (Figs S1, S2 and Table S1 ). In addition, Rhizobium endophyticum CCGE 2052
T was the third most closely related species, sharing 90.0 % sequence similarities of recA and atpD genes with YIC 5082
T and YIC4104. These data demonstrated that YIC 5082
T and YIC4104 represented a novel species of the genus Agrobacterium, since sequence similarities less than 96 % in multilocus sequence analysis (MLSA) have been observed between distinct rhizobial species in many previous studies [18] .
Average nucleotide identity (ANI) of genomes is considered to be a new benchmark to define prokaryotic species [19] . In the present study, the ANI values were calculated to evaluate the relatedness between YIC 5082
T and the most closely related strains, A. radiobacter LMG 140 T and A. pusense NRCPB10
T . The genomic DNA of these strains was extracted using Power Soil DNA isolation kits (MoBio), and then fragmented, barcoded, quantified and run as part of a batch of eight genomes on a chip on an Ion Torrent PGM. JSpecies software was used to calculate the ANI [19] and the Nucleotide MUMmer algorithm (NUCmer) was used to calculate the ANI by subtracting the similarity errors from the alignment length [19, 20] Cellular fatty acid profiles have been used to provide additional description for different species within the same genus [22] . YIC 5082 T , A. radiobacter LMG 140 T and A. pusense NRCPB10
T were chosen for comparison of their fatty acid compositions. These strains were streaked on YMA medium and cultivated at 28 C for 2 days and bacterial biomass was harvested for extraction of the fatty acids following the method described by Sasser [23] . The fatty acids were identified by the MIDI Sherlock Microbial Identification System (Sherlock license CD v 6.0) in the TSBA6 database. YIC 5082 T contained summed feature 8 (comprising C 18 : 1 !7c/C 18 : 1 !6c; 31.02 %), C 19 : 0 cyclo !8c (26.65 %), summed feature 2 (C 12 : 0 aldehyde/unknown equivalent chain length 10.9525; 13.31 %) and C 16 : 0 (9.5 %) as the dominant fatty acid components (Table 1) , which were similar to those of A. radiobacter LMG 140 T and A. pusense NRCPB10 T (Table 1) . However, C 19 : 0 iso and C 17 : 0 iso 3-OH as minor components were only detected in YIC 5082 T in this study. These distinctions provide additional evidence that YIC 5082
T represents a novel species in the genus Agrobacterium. Symbiosis and the formation of effective nitrogen-fixing nodules on legumes are important features of rhizobia. Amplification of nodC and nifH genes were performed with the corresponding protocols and primer pairs, nodCF540/ nodCR1160 [24] , and nifHF/nifHR [25] , respectively. Only the nifH gene sequences (351 bp) were detected in YIC 5082 T and YIC4104 and they formed a unique lineage (Fig. 2) in the phylogenetic tree. Various attempts failed to amplify nodC gene sequences from the template DNA and it was not found in the draft genome sequence of YIC 5082 T . However, YIC 5082 T and YIC4104 could form effective nodules on their original host (S. cannabina) [10] . Cell size and morphology were determined by using a S-3400 scanning electron microscope (SEM; Hitachi) with the recommended protocol [18] Tolerance to NaCl was studied in YMA medium containing 0-5.0 % (w/v) NaCl (at increments of 1 %). The generation time was determined, using a spectrophotometer, in YM broth [11] and the OD 600 of the culture was read every two hours until the stationary phase was reached. The following parameters were also included for phenotypic characterization: activities of catalase and urease, H 2 S production, starch hydrolysis, Vogues-Proskaüer (VP) reaction and nitrate reduction, using the methods described by Cowan & Steel [26] . For carbon source utilization, YIC 5082 T and the closely related reference strains were tested by using GN2 MicroPlates (Biolog) according to the manufacturer's instructions. Resistance to ampicillin, kanamycin sulfate, neomycin sulfate, streptomycin sulfate, chloramphenicol and erythromycin were determined in YMA medium supplied with 5, 50, 100 and 300 µg ml À1 of the relevant antibiotics according to the method of Gao et al. [27] .
T formed smooth, translucent, cream-white, circular colonies 2-3 mm in diameter on YMA medium after ): ampicillin (300), kanamycin (300), neomycin (50, 100, 300), streptomycin (300) and chloramphenicol (300). Positive results were obtained for tests of resistance to (µg ml --1 ): ampicillin (5, 50, 100), kanamycin (5, 50, 100), neomycin (5), streptomycin (5, 50, 100), chloramphenicol (5, 50, 100) and erythromycin (5, 50, 100, 300). The discriminative features of the YIC 5082 T and closely related type strains are listed in Table 2 .
On the basis of the phenotypic, genotypic and phylogenetic characteristics obtained in this study, we identified the strains YIC 5082
T and YIC4104 as representing a novel species of the genus Agrobacterium and the name Agrobacterium salinitolerans sp. nov. is proposed.
DESCRIPTION OF AGROBACTERIUM SALINITOLERANS SP. NOV.
Agrobacterium salinitolerans (sa.li.ni.to¢le.rans. L. masc. adj. salinus salty; L. pres. part. tolerans tolerating: N.L. part. adj. salinitolerans salt-tolerating, referring to the fact that the bacterium was isolated from alkaline-saline soil). The type strain, YIC 5082 T (=HAMBI 3646 T =LMG 29287 T ) was isolated from root nodule of S. cannabina at the seashore of Rudong Country, Jiangsu Province, PR China. The DNA G+C content of the type strain is 59.3 mol%. 
